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THE MORPHOLOGY OF THE ASCOCARP AND SPORE- 
FORMATION IN THE MANY-SPORED ASCI OF 
THECOTHEUS PELLETIER I. 

James Bertram Overton. 
(WITH PLATES XXIX AND XXX) 

Although free cell formation and spore formation have been 
thoroughly described by several authors, the process has not been 
followed in asci containing more than eight spores. In view of the 
old and widely held opinion that the ascus closes a sporophyte gen- 
eration and is a spore mother cell, the study of the development of 
a many-spored ascus becomes especially important. The correlative 
phenomenon of the regular formation of eight nuclei in the ascus by 
a triple division, whether eight spores or less are to be formed, has 
been well established; but the variations from the typical method 
of spore formation and the necessary nuclear and cell divisions, by 
which more than eight spores are formed, are still in need of further 
study, and may prove valuable in aiding to solve the character of 
this peculiar organ. The presence of a true sexual process in the 
higher fungi, especially among the Ascomycetes, has been established 
beyond a doubt by the investigations of Harper and others, but 
much still remains to be learned concerning the morphology of the 
sexual organs and ascogonia in the individual forms of this group. 

The present investigation was undertaken during the past year, 
in order to determine the method of spore-formation in many-spored 
asci. Thecotheus Pelletieri presented itself as favorable material. 
Incidentally stages in the development of the ascocarp have been found 
which will also be described. The fungus agrees in general with 
the descriptions and figures of Thecotheus Pelletieri (Cr.) Boud., 
except that the asci are less conspicuously exserted than shown in 
the figures of Crouan ('57), Boudier ('69), Patouillard ('83), 
and Rehm ('96), and the spores are also faintly colored. Boudier, 
to whom I have also sent material, has had the kindness to examine 
the fungus and has confirmed the determination, with the note, 
however, that he finds the spores somewhat larger than in the type. 
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As will be seen from the description below, the form differs from the 
species of Ryparobius described by Barker (103, 104) in having 
several ascogonia instead of a single one. As it may be found that 
this is a character of generic significance, I have thought best to follow 
Boudier in including this form under a separate generic name. 

The investigation of the Ascomycetes has shown that there are 
great variations in the morphology and development of both fruit 
bodies and reproductive organs, and a sharp distinction may be 
made as to whether the sexual organs, associated with ascocarp 
formation, occur singly or in groups. Below I have brought together 
those forms whose fruit bodies develop from a single ascogonium, as 
contrasted with those whose ascocarps develop from several ascogonia. 
In strong contrast to these may also be added a third group of appar- 
ently apogamous forms, whose fruit bodies develop directly from a 
cell of the mycelium without the appearance of sexual organs. 

I. In the following forms the ascocarps develop in connection 
with a single set of sexual organs: Monascus (Barker .-03, Olive 
105), Dipodascus Quel :02), Gymnoascus (Baranetzky '72, Van 
Tieghem '76, '77, Eidam '83, Miss Dale 103), Erysipke cickorace- 
arum (S pkaerotkeca castagnei) (DeBary '63, Harper '95), Erysipke 
galeopsidis (DeBary '70), Erysipke communis (DeBary '70, Harper 
'96), Spkaerotkeca kumuli (Blackman & Fraser 105), Phyllactinia 
corylea (Harper 105), perhaps Eurotium repens, Aspergillus glaucus, 
(DeBary '70), Penicillium glaucum (Brefeld '74), Aspergillus glau- 
cus (Van Tieghem '77), Chaetomium (Van Tieghem '75, '76, Eidam 
'83, Zukal'86, Oltmanns '87), Stictospkaeria Hoffmanni, with sev- 
eral species of Diatrype, Eutypa, Quaternaria, and Xylaria (Fuisting 
'67), Spkaeria lemaneae, Sordaria fimiseda (Woronin '70, Gilkenet 
'74), and Ceratostoma brevirostre, Hypocopra sp. (Miss Nichols '96). 
Among the Discomycetes the following investigated forms show a 
single ascogonium : Ascobolus jurjuraceus Qanczewski '72, Harper 
'96), A. pulckerrimus (Woronin '66), Ryparobius sp. (Barker -.03, 
104), Peziza granulosa, Lacknea scutellata (Woronin '66), Humaria 
granulata (Blackman & Fraser :o6), Ascodesmis nigricans (Van 
Tieghem '76), and Tkelebolus stercoreus (Ramlow :o6). 

II. Pyronema confluens (Tulasne '66, DeBary '63, Kihlman 
'83, Harper :oo), several species of Collema (BAUR'98), Parmelia 
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acetabulum (Baur :oi, 104), Anaptychia ciliaris, Lecanora subjusca, 
Endocarpon miniatum, Gyrophora cylindrica, Cladonia pyxidata (Baur 
:04), Pertusaria communis, Pyrenula nitida (Baur .01), and Boudiera 
Clausseni (Claussen : 05) represent the only forms thus far described 
in which the ascocarp is developed in connection with several 
ascogonia. As described below, Thecotheus also possesses a com- 
pound ascogonial apparatus from which the fructification originates. 

III. In certain Pyrenomycetes ascocarp formation is apparently 
independent of sexual organs, being initiated by the formation of a 
parenchymatous mass of tissue, which is formed by the division of a 
single hyphal cell of the mycelium, as in Teichospora and Teichospor- 
ella (Miss Nichols '96) and also in Pleospora (Bauke '77). 

From the above list, selecting the best investigated forms which 
have a simple ascocarp, we find Dipodascus, Thelebolus, Gymnoascus, 
Sphaerotheca, Erysiphe, Phyllactinia, Ryparobius, Ascobolus, 
Humaria, and Monascus. Those having a compound apothecium 
are several species of lichens (in which, according to Baur, several 
hundred carpogonia in some cases may be present in a single apothe- 
cium), Pyronema, Boudiera, and Thecotheus. 

Juel (102) has studied the nuclear phenomena in Dipodascus. 
The sexual organs arise as short outgrowths of two neighboring cells, 
each gamete containing several nuclei. After the organs fuse, the 
walls between break down and the nuclei of the antheridium pass into 
the oogonium, which grows into a single ascus containing a large 
fusion nucleus and several smaller nuclei. Although Juel was unable 
to make out the details of spore delimitation, he claims that the 
appearance of the cytoplasm indicates that the spores are formed by 
free cell formation about the descendants of the fusion nucleus, 
while the remaining nuclei, which did not fuse in the oogonium, lie 
scattered in the epiplasm. The actual process of nuclear fusion was 
not observed. 

Miss Dale (103) describes a sexual fusion of gamete cells in 
Gymnoascus Reessii and G. candidus. The oogonia and antheridia 
are of more or less separated origin. Barker (103), Ikeno (103), 
Kuyper ('.04, 105), and Olive (:<>5) have investigated Monascus. 
Barker's and Olive's accounts differ somewhat from that of Ikeno. 
These two authors describe the ascogenous hyphae of Monascus 
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as arising from an oogonium which has been fertilized by an anther- 
idium, thus establishing a sexual process for Monascus. They also 
hold that the asci arise from the cells of ascogenous hyphae; while 
Ikeno asserts that there are no ascogenous hyphae, but that uninu- 
cleate spore mother cells arise by free cell formation, which in turn 
form spores also by free cell formation. Kuyper denies any fusion 
of sexual cells in Monascus, mainly confirms Ikeno's observations, 
and regards the spore mother cells as true asci. 

Two forms closely related to Thecotheus in that they belong 
among the Ascobolaceae have been investigated. Barker ( : 03, : 04) 
in two preliminary notes has described the presence of sexual organs 
in Ryparobius. The development of the ascocarps was observed 
step by step under the microscope in hanging drop cultures. The 
archicarp consists of a small coiled oogonium and a slender anther- 
idium arising from the next cell of the mycelium, growing out over the 
tip of the oogonium, and fusing at the point of contact. Both anther- 
idium and oogonium are uninucleate when first formed, but subse- 
quently nuclear division occurs in each organ. Nuclear fusion probably 
occurs, constituting a regular fertilization, although this process was 
not actually observed. Walls are formed, so that the resulting cells 
are uninucleate with the exception of the penultimate cell of the 
ascogonium, which is sometimes found to contain two nuclei lying 
close together. It will be seen that there is great similarity between 
Ascobolus and Ryparobius as to the morphology of both the asco- 
gonia and the ascocarps. The ascogenous hyphae, however, do not 
originate from any particular cell of the ascogonium, as has been 
described for Ascobolus. 

Claussen ( : 05) has also worked out the morphology of the asco- 
carp of a form which he at first believed to be Boudiera hyperborea, 
but which Hennings (103) described as a new species under the 
name of B. Clausseni. Cavara (105), basing his conclusions upon 
Claussen's figures, descriptions, and culture methods, believes 
that this fungus is not a new species of Boudiera, as Hennings has 
described, but that it corresponds perfectly to a species of Ascodesmis, 
which has been described by Van Tieghem ('76) and later by Zukal 
('86). Van Tieghem described in detail two species, A. nigricans 
and A. aurea. Cavara believes that the fungus is A. nigricans 
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Van Tiegh., and that it has been found by him ('89) in the neigh- 
borhood of Pavia. Dangeard (103) has also briefly described the 
development of A. nigricans, which Cavara fails to note. So far 
as I am able to judge from the figures and descriptions of these 
authors, I see no reason for doubting that Claussen's fungus repre- 
sents a new species of Boudiera, as described by Hennings. Claus- 
sen grew the fungus on cultures and was able to trace the life history 
from spore to spore. He found that the archicarps consisted of 
antheridia and oogonia spirally coiled together and borne in groups. 
As in Pyronema, the apothecium originates from several pairs of 
gametes. The ascogenous hyphae appear to originate from any or 
all of the cells of the ascogonium. 

The latest work of Harper (105), already referred to, traces the 
formation of the sexual organs and nuclear fusion in Phyllactinia 
corylea in the minutest detail, showing that the ascocarps develop 
as the result of fertilization. 

Blackman and Fraser (:o6) point out that the non-cytological 
investigation of several forms has shown that a normal sexual process 
is not to be expected in all, and they have therefore undertaken the 
cytological investigation of Humaria granulata, a form in which no 
antheridium is present. They find that the oogonium develops as a side 
branch from multinucleate cells of the mycelium, but that no anther- 
idia are formed as described by Woronin ('66). The archicarp 
consists of a varied number of cells, the apical cell of which is much 
swollen and vacuolate, becoming the ascogonium. Investing hyphae 
arise from the stalk cells but no antheridia are developed. The 
ascogonial cell contains a number of nuclei probably formed by divi- 
sion of its primary nuclei. These female nuclei fuse in pairs, thus 
constituting what they regard as a reduced sexual process, similar to 
what occurs in the development of the aecidium of Phragmidium 
violaceum. This vegetative fusion occurs in the ascogonia of various 
ages, and at no definite stage as in Pyronema. These fusion nuclei 
pass into the ascogenous hyphae, and on account of their size are 
easily distinguished from those of the vegetative hyphae. 

Ramlow (:o6) has shown that the archicarp of Thelebolus ster- 
coreus arises as a much twisted uninucleate organ from the uninucleate 
cells of the mycelium. No antheridium is developed, but the nucleus 
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of the oogonium divides by successive division until eight free nuclei 
are formed. Cross walls are then formed in such a manner that 
one cell contains two nuclei. This cell is larger and finally develops a 
single ascus, as in Sphaerotheca. No reduced sexual fusion, such as 
described by Blackman and Fraser, was observed, and Ramlow 
believes that Thelebolus is strictly apogamous. Although this form 
has been placed among the Hemiasci by several earlier authors, 
Ramlow from his studies believes it to be a member of the Ascobo- 
laceae, as suggested by Schroeter and Rehm. 

That a sexual reproduction occurs in the lichens, comparable to 
that found in the red algae, as first described by Stahl ('77), and 
confirmed by Borzi ('78) for other species of Collemaceae, has been 
practically established by the investigations of several later authors. 
Although Krabbe's work ('83, '91) on Cladonia, Baeomyces, and 
Sphyridium would indicate that sexual organs were absent in these 
forms, yet Wainio ('90, '97, '98) claims to have found trichogynes in 
very young podetia of Cladonia, which would show that sexual organs 
are present. Baur's work ('98) on C. crispum confirms Stahl's 
observations in every detail. He figures and describes carpogonia 
and trichogynes. His work also shows that fertilization is a necessity 
to the development of asci. If the carpogonia are not fertilized by 
a spermatium, they develop vegetative hyphae; while each cell of 
the carpogonium which has been fertilized develops ascogenous 
hyphae. The discovery by Stahl and Lindau ('88) of trichogynes in 
Physcia pulverulenta has been confirmed by Darbishire ('99), who 
finds a trichogyne and a carpogonium, each cell of which is uninu- 
cleate. The cells of this carpogonium become connected so as to 
form a more or less continuous structure. Lindau ('88, '89) has 
also described the presence of trichogynes in several other species 
of lichens, but denies that they are sexual organs. In a more recent 
work Baur (:Oi) finds that Parmelia acetabulum, Anaptychia ciliaris, 
Pertusaria communis, and Pyrenula nidia have carpogonia. Anap- 
tychia possesses a single carpogonium, while the other forms have the 
carpogonia in groups, thus making the fruit body a compound apo- 
thecium. Baur's opinion is that fertilization occurs by means of 
spermatia combining with the trichogynes. In a still more recent 
work Baur O04) finds the ascogenous hyphae of Parmelia, Anapty- 
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chia, Endocarpon, Gyrophora, Lecanora, and Cladonia arising from 
carpogonia similar to those of Collema, so that these forms also 
probably possess sexual organs. Solorina is probably apogamous, 
behaving in this respect like Peltigera peltidea and Nephromium as 
described by Funfstuck ( : 02), in which trichogynes have disappeared. 
Schulte ( : 04) has studied the structure of several species of Usnea. 
In U. longissima he claims that the asci do not arise from the asco- 
gonia, although several are present. Trichogynes and spermatia 
could not be found in U. microcarpa. 

The presence of trichogynes, spermatia, and carpogonia similar 
to those of the red algae, and also ascogenous hyphae which arise from 
carpogonia, all indicate the presence of an undoubted functional 
sexual apparatus in the lichens, although the important phenomena 
relating to nuclear behavior still remain unsolved. 

Guilliermond ( : 05) has discovered a nuclear fusion accompany- 
ing cell fusion in certain yeasts which he holds to be sexual. Conju- 
gation of conidia and nuclear fusion take place in the Schizosac- 
charomycetes and Zygosaccharomyces just before spore formation, 
while in certain other forms (S. Ludwigii, etc.) the same phenomena 
occur at the time of spore germination. In the Schizosaccharomy- 
cetes and Zygosaccharomyces two cells become connected by a con- 
jugation tube in which nuclear fusion occurs. The fusion nucleus 
divides immediately and the two daughter nuclei separate, one enter- 
ing each original cell, in which a double division occurs to form the 
four nuclei of the four so-called ascospores. In certain other yeasts, 
such as S. Ludwigii, projections are put out from contiguous spores 
in the ascus, fusing to form a canal in which nuclear fusion occurs. A 
promycelium is developed from this conjugation tube, which buds 
off conidia. Guilliermond considers the phenomena here presented 
as the conjugation of isogamous gametes, in the one case before and 
in the other case after the formation of the asci. In the one case, 
S. Ludwigii, yeast of Johannisberg, and S. saturnus J the sporophyte 
with the double nuclear characters is the ordinary vegetative budding 
stage of the yeast, while in the other case (Schizosaccharomycetes 
and Zygosaccharomyces) this vegetative stage is the gametophyte. 

The most recent investigations on the Ascomycetes and rusts indi- 
cate an undoubted alternation of generations in these groups. It 
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will certainly be interesting, therefore, if the yeasts can be shown to 
exhibit like phenomena, but apparently these forms need to be further 
investigated before alternation of generations can be regarded as 
firmly established. 

From the above resume it will be seen that the doctrine of the 
sexuality of the Ascomycetes has steadily advanced since DeBary's 
time, but an immense number of forms remain yet to be investigated 
as to the initial stages of the ascocarp. While much investigation 
has centered on the sexual apparatus, the study of the development 
of the ascospores has by no means been neglected. Within recent 
years a considerable literature has been developed relating to the 
cytology of the ascus. We are concerned more especially with the 
method of spore formation and the phenomena of chromosome 
reduction, and the literature of this phase of the subject may be sum- 
marized as follows : 

Gjurasin ('93) first observed mitoses in the ascus of Peziza 
vesiculosa, maintaining that the divisions are karyokinetic and that 
the prophases and anaphases take place inside the nuclear membrane. 
He discovered well-marked asters but describes no centrosomes. In 
the last or third division the spindles are placed at right angles to the 
length of the ascus. The asters of these nuclei persist for a remark- 
ably long time, and the astral rays, although not connected with the 
nuclei, are folded back over them. 

Dangeard ('94) in studying very young asci of Peziza vesiculosa 
and Borrera ciliaris discovered the two primary nuclei of the ascus, 
which fuse to form the large ascus nucleus. Four nuclei appear in 
the recurved tip of a young ascogenous hypha. By means of trans- 
verse walls the nuclei are so separated that one remains in the end 
cell, two in the penultimate cell, and one in the antepenultimate 
cell. The ascus grows out from the penultimate cell and the two 
nuclei fuse to form the ascus nucleus. This according to Dangeard 
is a true sexual union. 

Harper ('95, '96, '97 '99, : 00, : 05) has made the most thorough 
study of the structure and division of the nuclei in a number of Ascomy- 
cetes. He discovered and described the role of the kinoplasmic 
fibers in the formation of spores. He first counted the number 
of chromosomes in several species. In Pyronema confluens he also 



458 BOTANICAL GAZETTE [December 

observed that there are at first two nuclei in the recurved tip of an 
ascogenous hypha, which divide simultaneously by mitosis, thus 
forming four. One of each pair of nuclei enters the young ascus, 
which arises as an outgrowth of the penultimate cell. These two 
nuclei, which in this case are thus shown to be not sister nuclei, fuse 
to form the ascus nucleus. In a study of spore formation Harper 
determined and fully described the process involved in the delimitation 
of the spores. Each nucleus forms a beak which is connected with 
a persistent central body, bearing at its outer end the astral rays. 
These rays bend backward and downward, finally coming in contact 
laterally and fusing to form a thin membrane, which continues to 
grow backward until a focal point is reached, thus completing the 
process of spore delimitation. This kinoplasmic membrane cuts the 
spore out of a homogeneous mass of protoplasm. He has described 
this process in Erysiphe communis , Peziza vesiculosa, Ascobolus fur- 
furaceus, Lachnea scutellata, Pyronema confluens, and Phyllactinia 
corylea. 

Berlese ('99) has studied spore formation in Tuber brumale, 
concluding that the plasma membrane of the spore is formed from the 
astral rays. His results on nuclear phenomena agree essentially 
with those of Gjurasin and Harper. Maire (-.03, 104, 105) has 
described the nuclear divisions and ascus formation in Galactinia 
succosa and several other Ascomycetes, and confirms the method of 
spore formation as described by Harper. 

Guilliermond ( : 03, : 04, : 05) studied several species with especial 
reference to karyokinetic division, the structure of the epiplasm, and 
the formation of the asci. He confirms the results of Maire on 
Galactinia succosa, finding that the tips of the ascogenous hyphae 
are not recurved, but that the terminal cells give rise to the asci. 
Wherever spore delimitation was studied it was found to follow the 
method described by Harper. 

Barker (103, 104) in a preliminary study of Ryparobius, a form 
whose asci contain more than eight spores, finds that the asci are 
formed from the penultimate cells of the ascogenous hyphae which 
contain two nuclei, these subsequently fusing to form the ascus 
nucleus. He also studied the nuclear divisions and spore formation. 
Sixty-four free nuclei are formed, which become regularly grouped 
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in the peripheral, dense, granular protoplasm of the ascus. Other 
series of divisions usually occur and uninucleate spores are eventually 
formed. The details of spore formation have not been described by 
Barker. The description of spore formation in this many-spored form 
will be of great value, and Barker's results will be awaited with interest. 
He is inclined to believe that the whole process of spore formation is 
intermediate between typical methods in sporangia and asci. 

Maire (:05) concludes that in Galactinia succosa, Pustularia 
vesiculosa, Rhytisma acerinum, Morchella esculenta, Anaptychia cili- 
aris, and Peltigera canina the first division of the ascus nucleus is 
heterotypical, and that the second division is homeotypical. In 
the prophases of the first division he finds a well-marked synapsis 
stage. The asci are formed by two different processes, one of which 
is characterized by the formation of a hyphal system sympodially 
branched, each cell of which is a synkaryon containing two nuclei 
which divide by conjugate division. The binucleate terminal cells 
of these ascogenous hyphae become the asci. He believes that there 
is a tendency in the Ascomycetes to form a synkaryophyte analogous 
to that of the Basidiomycetes. Maire, however, has been unable 
to trace these synkaryons back to their first beginnings, which is 
highly important. In Galactinia the centrosomes and spindles have 
an intranuclear origin, while the polar asters have an extranuclear 
origin, developed independently of the intranuclear part. Nuclear 
beaks are formed in the process of spore delimitation. 

Guilliermond ( : 05) finds that in Acetabula leucomelas and in 
Galactinia succosa the ascogenous hyphae form a series of binucleate 
cells, the end cells of which become the asci. Peziza catinus presents 
still another method of ascus formation, which he holds to be anal- 
ogous to that in P. vesiculosa. The terminal cells of the ascogenous 
hyphae are uninucleate, while the subterminal cells are binucleate. 
These binucleate subterminal cells bud out a lateral branch to form 
the ascus, which grows parallel to the filament, and in which nuclear 
fusion occurs to form the ascus nucleus. Guilliermond has studied 
the behavior of the chromatin in the asci of Pustularia vesiculosa, 
Peziza rutilans, P. catinus, and Galactinia succosa, and believes that 
the first ascus mitosis is heterotypical, and that the first mitosis is 
preceded by a synapsis stage. 
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Faull (:o5) in a cytologieal study particularly of Hydnobolites 
sp., Neotiella albocincta, and Sordaria fimicola finds also numerous 
cases in which the ascus does not arise from the penultimate cell 
of the recurved tip of the ascogenous hypha, as originally described 
by Dangeard. Such is invariably the case in only eleven out of the 
thirty-six species studied. In some species he claims that the asci 
bud out from the penultimate cells of the ascogenous hyphae, in 
others from the terminal cells, and in a few cases apparently from any 
cell. The uninucleate state of the ascus is preceded by a fusion 
of two nuclei, which may be sister nuclei. The centrosome and asters 
are extranuclear in origin, while the spindles are intranuclear. 
Enucleate portions of spores may be cut off, as in Podospora. 
Faull' s description of spore formation is particularly interesting, 
as it differs entirely from that described by Harper. The spindle 
fibers elongate, bringing the daughter nuclei to the periphery of the 
sporeplasm, with their centrosomes in contact with the plasma mem- 
brane. The spores are delimited about each nucleus by the differ- 
entiation of a hyaline, finely granular protoplasm, which begins at 
the centrosome and finally entirely encloses the sporeplasm. The 
plasma membrane is subsequently formed from or in this hyaline 
area, and concurrently with this a second membrane is formed in 
contact with the first, lining the cavity in which the spore is to lie. 
Faull suggests that the membrane may arise by a cleavage in the 
limiting area, caused by its growth and differentiation, together with 
a pull on the part of the nucleus. Both plasma membranes are 
intimately concerned in laying down the exospore. He can find no 
evidence that the astral rays fuse to form a membrane which cuts 
out the sporeplasm. Faull also favors the view which homologizes 
the ascus with the zoosporangium of the Oomycetes, as an argument 
in favor of the origin of the Ascomycetes from the Oomycetes. 

Faull (:o6) also concludes that the ascus of the Laboulbenia- 
ceae contains a fusion nucleus which divides by three successive 
divisions. The process of spore formation is, as he states, essen- 
tially the same as he has described for other Ascomycetes. 

In Humaria granulata Blackman and Fraser ( : 06) find that the 
asci are usually developed from the subterminal cells of the recurved 
tips of the ascogenous hyphae. In two cases they found asci 
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developed from the terminal cells of these hyphae, as described by 
Maire for Galactinia succosa. These authors have not made a 
detailed study of the nuclear phenomena, but believe that spore forma- 
tion is essentially the same as described by Harper. 

Ramlow ( : 06) finds that the single ascus of Thelebolus stercoreus 
arises directly from the ascogonium, as in Spaerotheca. The two 
primary ascus nuclei fuse, and the resulting nucleus by successive 
divisions forms an enormous number of free nuclei. The details of 
karyokinesis have not been followed, although he satisfied himself 
that the divisions are indirect. The nuclei are evenly distributed 
in the ascus. The phenomena of spore formation were not accurately 
determined, but Ramlow, basing his conclusions on the appearance 
of the protoplasm, which does not cleave as in the sporangium of the 
Phycomycetes, the appearance of an epiplasm, and the position of the 
nucleus at one end of the young spore, believes that the process of 
spore formation is by free cell formation, just as in Erysiphe. 
The number of chromosomes recorded in Ascomycetes. 
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Guilliermond 

Dangeard 

Maire 

Guilliermond 

Harper 

Dangeard 

Dangeard 

Dangeard 

Harper 

Maire 

Guilliermond 

Faull 

Maire 

Dangeard 

Faull 

Guilliermond 

Maire 

Guilliermond 

Guilliermond 

Guilliermond 

Guilliermond 

Harper 

Harper 

Harper 

Dangeard 

Maire 

Guilliermond 

Maire 

Barker 

Dangeard 


1903, 1904, 1905 
1903 

1904, 1905 
1905 
1895 
1903 
1903 
1903 
1900 

1903, 1904, 1905 

!9 5 

!9°5 

!9Q5 

1903 

!9Q5 

1903, 1904 

1904, 1905 

1903, 1904 

1905 
1903 

1904, 1905 
1895 
1905 
1900 
1903 
1904, 1905 

i9°5 

1904, 1905 
1904 
1903 


Anaptychia ciliaris 


Anaptychia ciliaris 


Anaptychia ciliaris 


Ascobolus f urf uraceus 

Ascobolus f urf uraceus 

Ascodesmis nigricans 

Endocarpon miniatum 

Erysiphe communis 


Galactinia succosa. 


Galactinia succosa 


Hydnobolites sp 


Hypomyces Thiryanus 

Morchella esculenta 

Neotiella albocincta 


Otidea onotica 


Peltigera canina 


Peziza catinus 


Peziza catinus 


Peziza rutilans 


Peziza rutilans 


Peziza Stevensoniana 

Phyllactinia corylea 


Pyronema confluens 

Pyronema confluens 

Pustularia vesiculosa 

Pustularia vesiculosa 

Rhytisma acerinum 


Ryparobius sp 


Sphaerotheca castagnei 
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The determination of the number of chromosomes in the ascus as 
well as in other cells is of the highest importance, as it will indicate 
the real nature of alternation of generations in the higher fungi. 
Since the chromosome number has been determined by several 
authors for a number of species of Ascomycetes, it may prove useful 
to summarize the results. (See the foregoing table.) 

That there is considerable difference of opinion as to the chromo- 
some number even in the same species of some Ascomycetes is evi- 
dent from the above table. In Ascobolus and Pyronema Harper 
finds eight and ten respectively; while Dangeard claims that there 
are four in both species. Guilltermond and Maire have established 
the number eight for Anaptychia; while Dangeard claims four 
for this species also. Maire counts four chromosomes in Galactinia 
succosa and Pustularia vesiculosa, while Guilliermond claims that 
there are eight in each of these forms. 

From the above resume it seems perfectly evident that no such 
hypothesis as that the chromosome number four is general among the 
Ascomycetes, as Dangeard imagines, can be maintained. In this 
group, on the contrary, judging from the above facts, related species 
may vary in their respective chromosome numbers, just as has been 
found to be the case in many of the higher plants. 

In a recent paper Maire (105) criticizes Guilliermond (:o5) 
for saying that he maintains that there are probably four chromosomes 
in all Ascomycetes, but admits that he and Dangeard have formu- 
lated practically parallel hypotheses on this point. Dangeard 
(103), however, distinctly refers this hypothesis to Maire (Seance 
de la societe mycologique de France tenue a Poitiers en Octobre, 
1903), and says "Cette decouverte a ete faites simultanement et d'une 
maniere independante par Maire et nous: elle ofTre, semble-t-il, 
toutes garanties de certitude." It appears from these facts that 
Maire has the responsibility of having first made the claim made by 
Dangeard, but which Maire now attributes to him. It is per- 
fectly plain that no basis for such a hypothesis exists, a fact which 
Maire apparently fully recognizes. 

Since Dangeard first described the asci in a number of forms as 
arising from the cell next the terminal one, several deviations from 
this type have been reported. That no such regular process of ascus 
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formation obtains in general in the whole group of Ascomycetes, or 
even in nearly related genera, is clearly evident from a study of the 
more recent cytological investigations, especially those of Maire, 
Guilliermond, and Faull. In the following resume no pretense 
of absolute completeness is made. 

We may note first those very simple forms which have sometimes 
been classed together as Hemiasci, though in most cases, as Kuyper 
shows, the types are plainly not closely related. The genera Ascoidea 
(Popta '99), Protomyces (Sappin-Trouffy '97, Popta '99), and 
Taphridium Quel 102) possess a septate mycelium with multi- 
nucleate cells, from which the sporangia arise directly without the 
intervention of sexual organs. The hyphal cells of Protascus (Dan- 
geard 103) also give rise directly to the asci. Sexual organs are 
present in Dipodascus Quel :02) and Eremascus (Eidam '83), 
and the fertilized oogonium forms a single ascus. Monascus (Barker 
103, Olive :o5) apparently forms a branched ascogenous hyphal 
system, each cell of which is able to produce an ascus. The hetero- 
geneity of these forms is evident by the fact that the asci arise 
directly from an oogonium, from hyphal cells, or from the cells of 
ascogenous hyphae. 

In some yeasts the conidia become transformed immediately after 
nuclear fusion into so-called asci, as in Schizosaccharomyces and 
Zygosaccharomyces, while in others the conidium is transformed 
directly into the ascus and fusion comes later, as in S. Ludwigii 
(Guilliermond :o5). 

In the Exoasci the binucleate cells of the mycelium are transformed 
immediately into a single ascus, as in Exoascus deformans (Dangeard 
'94) and Taphrina (Sadebeck '93, Ikeno :oi, 103). Among the 
Gymnoascaceae, G. Reesii and G. candidus (Baranetzky '72, Eidam 
'83, Dale 103) have their asci arising from the end cells of a series of 
short ascogenous hyphae. If Claussen's (105) Boudiera is really 
Ascodesmis nigricans, as Cavara (:o5) believes, and if Ascodesmis 
belongs among the Gymnoascaceae, then we have a form in this group 
whose asci arise from the penultimate cells of the recurved tips of 
the ascogenous hyphae. 

The Perisporiaceae show considerable variation in the method of 
ascus formation. The early works of DeBary and others may be 



464 BOTANICAL GAZETTE [December 

passed over, as the methods used by them were not sufficiently deli 
cate to enable them to determine the exact method of ascus formation. 
The end cells of ascogenous hyphae described by DeBary for Euro- 
tium, for example, may as well represent subterminal cells. In the 
mildew, Erysiphe communis (Harper '96), the end cells of the asco- 
genous hyphae may develop the asci. This is also the case in Phyl- 
lactinia corylea (Harper 105), but asci may also be formed as lateral 
branches of intercalary cells. In Sphaerotheca casta gnei (Harper 
'95) and S. humuli (Blackman and Fraser :o5) the oogonium 
develops into an ascogonium of five or six cells, of which the penulti 
mate one grows into a single ascus. In this genus there are no asco- 
genous hyphae, unless we accept the interpretation of Blackman and 
Fraser that the ascogonium is a single ascogenous hypha, whose 
penultimate cell develops an ascus in the manner described by Dan- 
geard. In Anixia spadicea (Faull 105) the asci spring from any 
cell of the ascogenous hyphal system. 

In the Tuberaceae, T. melanospermum (Dangeard '94, Guillier- 
mond 104) has its asci arising as described by Dangeard; while 
Genea hispidula (Faull 105) shows a marked variation from this 
type. In this form the ascus grows out from a curved terminal cell. 
Faull suggests that perhaps the only difference between this and 
the other type is the lack of a cross wall cutting off the uninucleate 
hyphal tip. 

Among the apogamous Pyrenomycetes, such as Teichospora 
trimorpha, T. as per a, T. nitida, and Teichosporella sp. (Miss Nichols 
'96), a uninucleate ascus arises from a single central cell of the peri- 
thecial mass. Hypomyces Thiryanus (Maire :o5) follows the 
method described by Dangeard; while in Podospora ascerina, P. 
setosa, Sordaria fimicola, and S. humana (Faull :o5) the asci arise 
from a curved terminal cell of an ascogenous hypha. In Phyllachora 
graminis (Faull :05) the ascus arises from a curved cell of the tip 
without the formation of a uninucleate tip-cell. 

The Discomycetes are described as showing the greatest uniformity 
in the method of ascus f ormation, which may perhaps be due to the 
fact that more careful work has been done upon them. All the 
following forms have their asci formed in the manner described by 
Dangeard ('94) for Peziza vesiculosa: Borrera ciliaris, Acetabula 
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calyx (Dangeard '94), Peziza Stevensoniana, Ascobolus furfuraceus 
(Harper '95), Lachnea scutellata, Pyronema confluens (Harper :oo), 
Aleuria cerea (Guilliermond 103, :04), A. amplissima, and A. 
olivea (Guilliermond 104), Peziza catinus, P. venosa, P. rutilans 
(Guilliermond 104), Ascobolus marginatus, Otidea onotica (Guil- 
liermond 103, :04), Acetabula vulgaris, Pyronema confluens, Ciboria 
echinophila, Bulgaria inquinans, Guilliermondia saccabaloides (Guil- 
liermond 104), Peziza sp. (Faull .05), Ryparobius sp. (Barker 
103, :04), Neotiella albocincta, Acetabula sp., Pseudoplectania sp., 
(Faull :<>5), Boudiera Clausseni (Claussen :o5), Peziza vesicu- 
losa (Maire 105), Thelebolus stercoreus (Ramlow :o6), Humaria 
granulata (Blackman and Fraser :o6), Thecotheus Pelletieri 
(Overton :o6). Several variations from the type described above 
also occur among the Discomycetes. Galactinia succosa (Maire 
103, : 05, Guilliermond : 03, :05), Acetabula leucomelas (Guillier- 
mond .03, .04, :o5), Acetabula vulgaris (Maire 103) have their 
asci arising from binucleate terminal cells. Guilliermond ( : 03) also 
found that Pustularia vesiculosa occasionally has its asci arising in 
a like manner. Peziza catinus and P. vesiculosa (Guilliermond 
:05) occasionally have the asci arising from the subterminal cells 
of the ascogenous hyphae whose tips are recurved. Acetabula 
acetabulum (Guilliermond 103) has binucleate cells formed in the 
curved tips of the ascogenous hyphae which do not form the asci, but 
give birth to a series of two, three, and four cells, of which the 
terminal ones produce the asci. In Discina venosa (Faull 105) the 
ascus arises from a curved terminal cell. In Urnula crater ium 
(Faull -.05) the ascus may spring apparently from any cell what- 
ever. In Humaria granulata (Blackman and Fraser : 06) the ascus 
occasionally arises from the terminal cell. 

A number of the Helvellaceae have been studied, which also show 
great variation in the mode of ascus formation. Helvella ephippium 
(Dangeard '94), Morchella esculenta (Dangeard '94), Helvella sul- 
cata, H. elastica, H. crispa (Guilliermond 104), Morchella escu- 
lenta, M. conica, Helvella astra, H. lacunosa, H. elastica (Faull 
105) have their asci formed from the penultimate cells of the 
recurved tips of the ascogenous hyphae, in the manner described by 
Dangeard for Morchella. In Geoglossum ophioglossoides, G. hir- 
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sutum, Geoglossum sp., Verpa conica, Gyromytra sphaerospora, Lepto- 
glossum luteum, Leptoglossum sp., Mitrula phalloides, Leotia lubrica, L. 
chlorocephala (Faull 105) the ascus grows out from the terminal 
cell, and no uninucleate end cell is cut off. In Verpa bohemica (Faull 
105) is found the very greatest variability; the asci appearing as out- 
growths of a terminal cell, or from a second, third, or even fourth cell 
from the tip. 

The lichens Anaptychia ciliaris (Dangeard 103), and Peltigera 
canina (Maire :05) have their asci regularly formed according to 
Dangeard's method; but Anaptychia ciliaris (Maire 105) appar- 
ently develops its asci from the subterminal cells of the ascogenous 
hyphae, while the tips, according to Maire, may continue develop- 
ment. Baur (:oi, :04), although he does not describe the method 
of ascus formation, figures ascogenous hyphae which are recurved 
in Pertusaria communis. 

In the foregoing I have endeavored to group our knowledge of 
the various methods of ascus formation according to the natural 
classification of the forms investigated, in order that the significance 
of the variation described may be more apparent. It is the nuclear 
history which is theoretically most interesting, and is thus most essen- 
tial to determine the relative ancestry of each of the nuclei which fuse 
in the ascus. This has been done for very few forms as yet. In 
Pyronema, Harper ( : 00) has been able to trace the origin of the two 
primary nuclei of the ascus, in a case in which the tips of the ascogen- 
ous hyphae at first contain two nuclei. These divide by simultaneous 
division. Of the four nuclei thus formed, one lies in the terminal 
cell, and two, which are not sister nuclei, in the subterminal cell which 
becomes the ascus. 

Thecotheus belongs to that group of the Discomycetes (Ascobo- 
laceae) whose small fruit bodies are nearly always found growing 
freely on dung. The species in question occurs on horse dung. 
It was found on cultures which were old and partly dried up in 
the Botanical Laboratory of the University of Wisconsin. These 
cultures were kept running, yielding an abundant supply of material 
during the progress of this investigation. The fungus has since been 
found free in nature. The apothecia are very small, about o.5 mm in 
diameter and o.25 mm high, of a white or yellowish color. When 
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wet they are therefore plainly visible to the naked eye. A distinct 
thin excipulum, or lateral boundary of vegetative hyphae, surrounds 
the hymenium (jig. j). This excipulum is densely covered with 
short, blunt ends of protruding vegetative hyphae, which give a hairy 
or warty appearance to its surface. The sterile tissue of the secondary 
mycelium extends outward and downward to form a pseudo-parenchy- 
matous skirt-like structure, which also extends along the substratum 
beneath the hypothecium. This lower layer becomes adjusted to 
the irregularities of the substratum, from which numerous hyphae 
enter the fructification. The equilibrium of the whole fruit body is 
maintained by means of this much broadened pseudo- parenchy- 
matous base (fig. 3). 

The apothecia are at first globular or cylindrical, later becoming 
broadened, discoid, and somewhat biscuit-shaped (fig. 2). The 
asci are roughly cylindrical in form, about 220X35/^, their greatest 
diameter being near the top. Each ascus contains thirty-two ellip- 
soidal, slightly colored spores, each about 17.5X28AS which are 
discharged through a small terminal pore. This pore is at first 
covered by a small cap or operculum, bounded by a thickened ring in 
the wall of the ascus where the cover breaks off (fig. 16). The asci 
develop from the subhymenium successively; each fruit body thus 
contains asci and spores in all stages of development. Numerous long 
and slender septate paraphyses, about 360^ long, arising from the 
hypothecium, are thickly packed among the asci. At the surface 
each paraphysis has a somewhat swollen protruding tip (figs. 2, j). 
The mature spore contains a single nucleus in a mass of very densely 
granular protoplasm (fig. 15). The thin, very pale exospore is corru- 
gated on its outer surface, much like many other spores of the Asco- 
bolaceae. There is a passage through this exospore at each end, 
as well as through the thick hyaline endospore, to form what is appar- 
ently a terminal germinal pore. The spores are not shot out of the 
asci, but appear to be squeezed out by turgor, together with the 
lateral pressure exerted by the turgor of the neighboring asci and 
paraphyses. They are to be found as a dust on the surface of the 
apothecium, often adhering in masses. Possibly in consequence of 
the smallness of the terminal aperture of the ascus the spores are not 
projected or discharged violently. This condition is not general 
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among other forms of the Ascobolaceae, in most of which the spores 
are projected for some distance through the terminal pore of the ascus. 

Modifications of the usual strengths of Flemming's chromacetic 
osmium fixing fluids were exclusively used in the preparation of the 
material. Portions of the substratum upon which apothecia grew 
were removed and dropped into the fluids. Beside the mature fruits 
many younger stages were thus obtained. The sections were stained 
with safranin gentian- violet orange- G combinations and also with 
Heidenhain's iron-alum haematoxylin. The sections were cut 5-10 p 
thick. 

Harper ('95, '96, :05) has shown that the ascogonia of the mil- 
dews consists of a much curved row of cells, each of which contains 
a single nucleus, with the exception of the penultimate cell, which 
contains two or several nuclei, and which forms the ascus in Sphaer- 
otheca, out of which grow the ascogenous hyphae in other forms. 
Barker (103, 104) also observed the same kind of ascogonium 
in Ryparobius; while Claussen (105) finds several such ascogonia 
in Boudiera. The youngest ascogonium which I have thus far 
observed in Thecotheus consisted of a row of several cells which were 
already multinucleate {-jig. 1). Harper ('96) figures and describes 
perforations in the cross walls in the ascogonium of Ascobolus con- 
necting the adjacent cells. One of the cells of the row is larger. 
It is from this particular cell that the ascogenous hyphae arise, and 
out of which the nuclei enter the ascogenous hyphae from it and 
the neighboring cells. As soon as the ascogonia become empty 
they undergo disintegration. Barker (104) finds each cell of the 
row in Ryparobius at first uninucleate and then binucleate or occa- 
sionally quadrinucleate. From the cells of the row the ascogeous 
hyphae delevop. He does not distinctly say that they develop from 
any particular cell of the ascogonium. Claussen (:<>5) finds that 
the gametes of Boudiera contain several nuclei, which however fuse 
in pairs in the oogonium. Several walls are formed, so that the 
resulting ascogonium consists of a row of several cells from which 
the ascogenous hyphae arise. Thecotheus agrees with Ryparobius 
and Boudiera in that the ascogenous hyphae do not arise from any 
single cell of the ascogonium, but from any or all of them (figs. 1 and 
2). The youngest ascogonia which I have been able to find were 
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already multinucleate, some containing as many as a dozen nuclei, 
each much larger than those of the vegetative cells. Fig. 1 shows 
a young fruit body with sections of several ascogonia, each of whose 
cells are multinucleate. No connections between the adjacent 
cells could be observed. 

Unlike Ryparobius and like Boudiera, Thecotheus has a com- 
pound fruit body. Fig. z represents a section of a young ascocarp, 
in which several ascogonia are present. One ascogonium, composed 
of several multinucleate cells, is shown, which resembles in shape the 
ascogonium of Ascobolus. In the same section, surrounded by the 
same investment of vegetative hyphae, may be seen also sections of 
several other ascogonia. These ascogonia are always closely inter- 
woven, so that they are cut in different planes. Other views of the 
same ascogonia appear in adjacent sections of this ascocarp. 

Concurrently with the development of ascogenous hyphae, invest- 
ing vegetative hyphae encircle the ascogonia, the young ascogenous 
hyphae, and the asci. This condition can be seen in fig. 2. Rem- 
nants of the ascogonia are still plainly visible, and the branching 
ascogenous hyphae can be seen to contain several nuclei, each with 
a single nucleolus. The nuclei of the ascogenous hyphae are from 
three to four times as large as those of the paraphyses, making them 
therefore easily distinguishable. Each cell of the vegetative tissue 
contains several nuclei. I have been unable to find any regular 
series of binucleate cells. 

The developing ascogenous hyphae are profusely branched, pur- 
suing such irregular paths that it is impossible to follow their course 
for any great distance. Transverse longitudinal and oblique sections 
appear in the preparations, which are only mere fragments of the 
whole system (fig. 2). From fig. 2, however, it is plain that the 
ascogenous hyphae develop considerably before transverse septa are 
put in. The nuclei are especially abundant near the tips of the 
branches. At the time the cell division is complete, the tips of the 
branches of the ascogenous hyphae are bent backward as they push 
upward among other branches and paraphyses. The terminal cell 
is uninucleate, while the subterminal cell is binucleate. The nuclei 
of these branches can be seen to be considerably larger than those 
of the ascogonium (fig. 4). From these binucleate subterminal cells 



470 BOTANICAL GAZETTE [december 

the asci develop. So far as I have been able to observe, asci were 
never developed from the terminal cell, or from the third cell from 
the tip, although either condition may possibly occur. Thecotheus 
certainly does not contain a system of ascogenous hyphae, each cell of 
which is a synkaryon, as described for Galactinia and Pustularia 
vesiculosa. 

In Thecotheus the subterminal cell of an ascogenous hypha 
arches up to form the young ascus. The two nuclei apparently fuse 
to form the ascus nucleus (fig. 4). The young club-shaped ascus 
is filled with a dense finely granular vacuolated protoplasm, in which 
are situated numerous deeply staining extranuclear granules, prob- 
ably the metachromatic granules of Guilliermond (103), which 
have also been observed and described by other authors. The 
fusion nucleus greatly enlarges as the ascus grows, thus maintaining 
a definite nucleo- cytoplasmic relationship, as described by Harper 
(:05). Within the nucleus chromatic filaments are organized, which 
give the appearance of a loose spirem. Division stages were not 
observed, but, so far as I have been able to find, the nuclear structures 
are essentially the same as have already been many times described. 

The young ascus, which elongates rapidly, crowding up into the 
hymenium, is somewhat broadened at its tip, gradually narrowing 
toward the base. The protoplasm, packed in the tip, is coarse and 
granular (fig. 7). A spore region is organized about the nucleus. A 
large region, in which the protoplasm is very foamy, is present both 
above and below the central denser sporeplasm. The ascus increases 
still more in size, the denser regions at the apex and about the nucleus 
becoming still more sharply separated by the large vacuolated space 
(fig. 8). A peripheral layer of denser protoplasm connects the apical 
and central regions. The distinction of central and apical regions 
and the two large vacuolated spaces with foamy protoplasm persist 
throughout the process of spore formation (figs. 8-12) . The primary 
ascus nucleus divides rapidly by three successive divisions to form 
eight free nuclei. During these divisions there is a gradual decrease 
in the size of the nuclei, as has also been observed in other asci. In 
fig. 10 it will be seen that each of the eight nuclei are very small 
compared with the nuclei represented in figs. 7 and 8. From the 
abundant stages found in the conditions represented in fig. 10, I am 
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inclined to believe that there is a pause before further divisions occur 
and a growth period of these eight nuclei. Not only do the nuclei 
increase in size before dividing, but the asci also lengthen very much 
and the protoplasm becomes still more vacuolated and foamy {-fig. 11). 
Perhaps this increase in size of the nuclei is also correlated with the 
increase in the amount of cytoplasm in the ascus. Eventually each of 
these eight nuclei divides to give sixteen free nuclei, no spores being 
yet delimited (fig. 11). In -jig. 11 each nucleus is about as large as 
one of the daughter nuclei in fig. 8. These nuclei certainly show a 
marked increase in size over those of fig. 10. It will also be observed 
that the nuclei are irregularly arranged in the central region of the 
sporeplasm. Each of these sixteen nuclei undergoes still another 
division, resulting in thirty-two free nuclei being found in the ascus. 
No figure representing this thirty- two nucleate stage has been drawn, 
although the nuclei were seen in the preparations. Fig. 6 represents 
a portion of such a stage. The nuclei here are also very much 
smaller than in fig. 11. 

In Ryparobius Barker (103, 104) finds that the number and 
size of the spores vary in different asci. More than two hundred 
were normally found in a single ascus, but as few as sixteen have 
been seen. In Ryparobius successive nuclear divisions occur 
rapidly, until sixty-four free nuclei are formed. These become 
regularly grouped in a dense granular mass of protoplasm around the 
periphery of the ascus. Other series of divisions now usually occur, 
and eventually uninucleate spores are formed. In Thelebolus (Ram- 
low : 06) many nuclei arise in the ascus, about each of which a spore 
is delimited, as described by Harper. 

In Thecotheus the spores are delimited from the homogeneous 
central portion of the cytoplasm immediately after the formation of the 
thirty-two nuclei. So far as I have been able to observe, the entire 
process of spore delimitation is accomplished by means of the kino- 
plasmic fibers which form the astral radiations of the central body. 
The nucleus becomes pointed or beaked, bearing a central body at its 
outer end, from which the kinoplasmic radiations extend (fig. 6). 
The chromatin lies freely in the nuclear cavity, apparently connected 
with the central body. The process of spore delimitation is appar- 
ently precisely like that described by Harper for Erysiphe communis, 
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Lachnea scutellata, Pyronema confluens, and Phyllactinia corylea. 
As soon as the beak has reached a certain length, which is compara- 
tively short in Thecotheus, these kinoplasmic fibers bend downward 
and grow backward over the nucleus, fusing laterally to form a con- 
tinuous plasma membrane, which separates the cytoplasm of the 
spore from that of the epiplasm. The nuclear beak is withdrawn 
and a somewhat pointed nucleus remains in the young spore (fig. 6), 
which gradually resumes the spherical shape of a resting nucleus. 
Although the process of spore delimitation is not easily followed in 
Thecotheus, I am convinced that it is essentially the same as Harper 
has described for other Ascomycetes. I have also had an oppor- 
tunity to compare my own preparations containing this stage with 
those of Harper on Erysiphe and Lachnea, which objects he found 
most favorable for study. I can see no essential differences in appear- 
ances. The nuclear beaks do not have any special orientation or 
relation to the plasma membrane, as has been figured and described 
by certain authors for other forms. The beaks may lie at any angle 
during the process of spore delimitation. 

Barker (104) believes the process of spore formation in the 
many-spored asci of Ryparobius to be unlike that in the typical 
ascus. "The protoplasm passes through a series of characteristic 
changes during the development of the ascus, and the whole process 
of spore formation seems to be intermediate between typical methods 
in sporangia and asci." We shall await Barker's completed account 
of the spore formation in this form with great interest. We have 
seen that the method of spore delimitation in the many-spored asci 
of Thecotheus is exactly similar to that found in typical eight-spored 
asci. As noted in another connection, Faull entirely dissents from 
the method of spore formation as described by Harper. I have been 
unable to discover in Thecotheus the presence of hyaline zones in 
connection with which cleavage takes place to delimit the spore- 
plasm from the epiplasm as described by Faull, and I am certain 
that no such method of spore formation exists in Thecotheus. 

Fig. 6 represents a spore in the process of delimitation as described 
above. In the same figure a very young spore is also shown, which 
has its delimiting membrane already formed and the nuclear beak 
withdrawn. It will be observed that the sporeplasm is nearly like 
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the surrounding epiplasm, perhaps slightly more dense and gran- 
ular. No particular granular area is present. It is simply a portion 
carved out of the homogeneous cytoplasm in which the nucleus is 
situated by means of a delimiting kinoplasmic membrane. In figs. 
I2a-i2c slightly older spores are shown. They are arranged in the. 
form of a hollow cylinder around the wall of the ascus. About five 
young spores are arranged vertically along the ascus walls in any one 
plane. Fig. 12a represents a median longitudinal section of the ascus; 
figs. 12a and 12b are slices off the same ascus. 

Barker (103) found that the numerous nuclei in the asci of 
Ryparobius became arranged in the form of a hollow sphere just 
beneath the wall of the ascus before spore delimitation. Each asco- 
spore when completely formed, therefore, has one end toward the 
center and the other toward the ascus wall, the resulting arrange- 
ment of the spores thus being radial. In Thecotheus the nuclei, as 
noted above, are not arranged radially, but in the form of a hollow 
cylinder about the wall of the ascus, in a denser peripheral layer 
of the epiplasm. The resulting spores, therefore, have their long 
axes parallel to the wall of the ascus. In this respect Ryparobius 
and Thecotheus are essentially different. Due to this peripheral 
arrangement into a hollow cylinder, the spores are forced to occupy 
considerable space in the ascus, some being pushed up near the tip. 
The epiplasm is at this time everywhere much more vacuolated than 
in earlier stages, and the ascus is exceedingly turgid and swollen 

(figS. I2G-I2C.) 

In fig. 12a the spores can be seen to show no sign of an exospore 
or endospore. DeBary ('63, '64) thought that the exospore was laid 
down upon the surface of the spore from the epiplasm, which explana- 
tion seems to have gained rather widespread acceptance. The exact 
method of exospore formation needs investigation. Faull (:<>5) be- 
lieves that two membranes are formed, one being the plasma-membrane 
of the spore and another formed concurrently with this, which lines 
the cavity in which the spore is to lie. These membranes occupy the 
position of the hyaline zone described above. The spore wall is sup- 
posed to be laid down between the membrane bounding the epiplasm 
and the plasma membrane of the spore. Faull suggests that both 
membranes are perhaps active in the formation of the spore coats,. 
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According to my own observations, the process of the formation 
of the spore coats does not agree with the account of Faull (105) 
Fig. 1 j shows a young spore which has grown somewhat beyond 
those found in figs. I2a-i2c. The limiting membrane is not per- 
ceptibly thickened, showing in sections as an even unbroken line. 
Just inside this membrane, however, the endospore is seen to be but 
slightly differentiated from the sporeplasm, being much less vacuo- 
lated but more hyaline and granular. A more or less distinct bound- 
ary is present between the endospore and the sporeplasm. Exactly 
how the endospore is formed I am at present unable to state, unless it 
is laid down by the original plasma membrane, which has gradually 
withdrawn, secreting the substance of the spore coats as it recedes. 
Finally, the endospore becomes still more granular and hyaline 
as the spore develops (fig. 14). The outermost portion of the 
hyaline granular area constitutes the exospore. In fig. 14, which is 
not so highly magnified as fig. 13, the central portion of the spore- 
plasm is highly vacuolated. The nucleus of the spore lies in the 
center of this mass of protoplasm. The irregularities on the exo- 
spore may be due to fixation. Lines are developed on the surface 
of the spore, finally producing an irregularly branched system of 
elevations and ridges much like that found on the spores Ascobolus. 
Fig. 15 represents a mature spore. The two germinal pores, one at 
either end, are present, passing through the spore coats. The mature 
endospore is very granular and highly refractive. The inner proto- 
plasm, bounded by the plasma membrane, is still uninucleate but 
densely granular. Smaller vacuoles have entirely disappeared. In 
some mature spores two large spherical oil drops are present, one at 
either side of the nucleus, but not regularly so. Fig. 15 is typical. 

As the asci dry out, the walls become thickened and hyaline. 
Fig. 16 shows the upper portion of a nearly mature ascus, at the 
apex of which is the cap or operculum in the process of formation. 
A thickened ring in the ascus wall is formed below the operculum. 
The mature spores are probably discharged through this terminal 
pore by the turgor of the ascus and the lateral pressure of other asci 
and paraphyses. Although several attempts were made to germinate 
these spores in various sorts of media, I have thus far been unsuccess- 
ful. Perhaps it may be necessary for them to pass through an ali- 
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mentary tract or to be naturally or artificially partly digested before 
germination will occur, or perhaps the spores tested may not have 
been mature. 

I have shown that ascogonia are present from which the asci 
arise, although I have been unable to find the earliest stages of these 
organs in Thecotheus. Since in the forms in which sexual organs do 
exist, as described by several investigators, an ascogonium arises as 
the result of nuclear and cell divisions from a fertilized oogonium, I 
think it practically certain that such oogonia exist in Thecotheus. 
Since the ascogonia are in groups, several being present in each young 
ascocarp, it is also safe to conclude that the fruit bodies arise as the 
product of multiple sex organs, just as in Pyronema and Boudiera. 
Thecotheus, therefore, is another example of a form among the Asco- 
bolaceae with a compound apothecium. 

In Thecotheus the asci are developed from the penultimate 
cells of the recurved tips of the ascogenous hyphae, and they are 
at first binucleate, later becoming uninucleate in the usual manner. 
There is apparently no tendency here toward the condition described 
by Maire and Guilliermond, wherein a system of binucleate cells 
are formed, as in Galactinia, corresponding to the synkaryophyte 
in which a long series of binucleate cells occur, the nuclei finally 
fusing in the basidium, as in the Basidiomycetes and rusts. Maire 
claims to have found that these binucleate cells of the ascogenous 
hyphae originate from hyphae of the subhymenium, whose cells are 
multinucleate. The first cell arising from these subhymenial hyphae 
contains two nuclei, which divide by a conjugate division, giving rise 
to a series of branching synkaryophytic hyphae, which eventually 
form the asci. This branched, ascogenous hyphal system Maire 
compares to the hyphal system which gives rise to the basidia in the 
Basidiomycetes. Although Maire and Guilliermond have found 
this system of ascogenous hyphae in certain forms, it still remains 
and is of the highest importance to determine how the ascocarps 
originate in these forms. If, as Harper (105) suggests, the condition 
found in Pyronema, and still more advanced in Galactinia and Pustu- 
laria vesiculosa, could work back until the egg cell was reached, an 
apogamous condition might result, such as is now found in the Hymen- 
omycetes (Miss Nichols 104), and the nuclear fusion in the ascus 
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might have acquired secondarily a sexual significance. Thecotheus 
with its ascogonia, and presumably also still earlier oogonia, shows no 
tendency towards this condition. I have been unable to find binucleate 
cells either in the paraphyses, in the mycelium, or in any of the vegeta- 
tive cells of this fungus, and am sure that Thecotheus does not possess 
anything comparable to the synkarophyte of the Basidiomycetes. 

The main problem relating to the asci at present is whether they 
are merely eight-spored sporangia or spore mother cells correspond- 
ing to those of the higher plants, and on this point the method of 
spore formation in a polysporous ascus should throw much light. 
As noted previously, I have confined my attention principally to 
Thecotheus on account of the abundance of this apparently very 
favorable form. The possibility that such asci might show transi- 
tional conditions leading over to those found in the sporangia of the 
lower fungi is very suggestive, and, as noted above, Barker believes 
that in the asci of the nearly related genus Ryparobius he has found 
such transitional forms, although Ramlow believes the ascus of 
Thelebolus shows no such sporangial characters. The distinction 
between typical sporangia and typical asci seems to be sharply drawn. 
In the sporangia of Sporodinia and Pilobolus Harper ('99) has 
found that spore formation is by a process of progressive cleavage 
by means of furrows, either from the surface of the protoplasm or 
from vacuoles of the mother cell. The nuclei during the cleavage 
are in a resting stage and are not concerned in the process. Thus 
the formation of an epiplasm is precluded. Harper has described 
the process of cell formation in Synchitrium decipiens, Pilobolus 
crystallinus, and Sporodinia grandis; while Swingle (103) has 
observed the same process in the sporangia of Rhizopus nigricans and 
Phy corny ces nitens. Harper has pointed out that this process is not 
one of free cell formation in the sense in which the term is used for 
free cell formation in the ascus, in which the cells lie free in the mother 
cell included in the so-called epiplasm. He also concludes that these 
two very divergent methods of cell formation in asci and sporangia 
make it impossible to assume any close relationship between these 
two structures, and this difference is thus made an argument against 
the homology of the sporangium of the Phycomycetes and the ascus of 
the Ascomycetes. 
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Although attempts have recently been made to discredit Harper's 
results on the method of free cell formation in the ascus, no very 
convincing evidence has been brought forward to show that it is more 
like that in the sporangium. Juel ( : 02) in his work on Taphridium 
seems to think that Harper has placed too much stress on the action 
of the kinoplasmic fibers as one of the chief distinguishing character- 
istics of the process, saying: "Vorlaufig konnen wir nicht die Rolle 
des Kinoplasmas bei der Zellbildung zur nota characteristica der 
freien Zellbildung machen, sondern mussen diesen Begriff in der 
herrkommlichen Weise auffassen." Apparently Juel has failed 
to comprehend the essence of Harper's definition. 

Faull ( : 05) does not believe that the methods of spore formation 
in the ascus and sporangium are so different as to prevent assumption 
of their homology. He favors the view that homologizes the ascus 
with the zoosporangium of the Oomycetes, as an argument in favor of 
the origin of the Ascomycetes from the Oomycetes. The most 
complete account of cell formation in the zoosporangia of the Oomy- 
cetes is that given for Saprolegnia and Achlya, although the behavior 
of the nuclei has not been thoroughly enough studied. 

The earliest workers in the study of spore formation were influenced 
by their a priori views on the cell theory as a whole, and Nageli used it 
to support his doctrine that new cells are regularly formed by so-called 
free cell formation from old ones. Pringsheim ('51) believed that 
spores were formed by simultaneous and not by successive biparti- 
tions of the protoplasm, being completely bounded off before the 
appearance of a cellulose wall. Busgen ('82) in his description of 
spore formation in the sporangium of the Phycomycetes believed that 
cleavage is due to a simultaneous formation of cell plates, which break 
down, being later formed again to separate the spores. Berthold ('86) 
studied oogonia, but assumed that the process in oogonia and spor- 
angia are alike. The peripheral layer of protoplasm which surrounds 
the central vacuole forms dense rounded masses about definite centers, 
which constantly increase in size, protruding gradually into the 
central vacuole. Finally the masses separate and round up, later 
swelling up so as to become pressed together and flattened. Finally 
these masses again round. up, forming definite eggs or swarm spores. 
Berthold claims that the position of the spores is predetermined by 
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centers of attraction, about which the protoplasmic lining of the walls 
is collected. The whole process is a form of free cell formation, in 
which the entire protoplasm is utilized, without involving the forma- 
tion of a periplasm. He holds, therefore, that the sporangium of 
the Saprolegniaceae represents an advance over forms in which peri- 
plasm is formed. The sporangium is differentiated into central 
vacuole and peripheral protoplasm, and is perhaps a stratified struc- 
ture in itself, whose polarity is determined by the position of the nuclei, 
which in turn influence the position of the spores, as has been pointed 
out by Harper ('99). 

According to the work of Rothert ('88), Hartog ('88), Hum- 
phrey ('92), Trow ('95), and Davis (103), the sporangium is multi- 
nucleate when cut off, the nuclei lying scattered in the peripheral 
layer of protoplasm. Davis practically confirms the account of the 
earlier authors. The uninucleate spores originate by means of clefts, 
which proceed from the central vacuole of the sporangium to the per- 
iphery, dividing the protoplasm into polygonal areas. The spores 
are later formed from these uninucleate areas. There is no mitotic 
division of the nuclei or cytoplasmic centers (coenocentra) in the 
zoosporangia. 

Humphrey ('92) first studied oogenesis in Saprolegnia by means 
of modern technique, but was soon followed by Trow ('95, '99) and 
Hartog ('95, '96, '99). There seems to be a great diversity of opin- 
ion as to the behavior of the nuclei, which far exceed the ultimate 
number used in the formation of eggs. Humphrey and Hartog 
believe that the nuclei fuse in groups to form the functional nuclei. 
Trow claims that many nuclei degenerate until the requisite number 
is reached, which results Davis (103) has confirmed, but differs 
from Trow in regard to the sexuality of the Saprolegniaceae. The 
oogonium arises as an enlargement of the end of a hypha, into which 
passes a dense mass of cytoplasm and nuclei. A central vacuole is 
formed, with a peripheral layer of protoplasm lining the walls in 
which lie the nuclei. The nuclei divide once by mitosis. The proto- 
plasm aggregates into masses which form the eggs. The process of 
separating these masses by means of a series of fusing vacuoles, has 
been described by Davis. He finds that the egg initials are formed 
about cytoplasmic centers (coenocentra), much as has been described 
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for certain Peronosporaceae. It seems apparent that, even if we 
accept Faull's description of spore formation in the ascus, the data 
are quite insufficient to support any view which homologizes the ascus 
with the zoosporangium or oosporangium of the Oomycetes. 

Barker (104) announces that the protoplasm in the developing 
ascus of Ryparobius shows a series of changes in spore formation, 
which appear to be intermediate between typical methods in spor- 
angia and asci. The account is only preliminary and has been referred 
to above. My own studies on the asci of Thecotheus however, have 
shown the process of spore formation to be as in other typical asci, 
namely, by means of the kinoplasmic radiations of the nucleus. 
Although more than eight spores are formed in the ascus, the process of 
spore delimitation is that found in a typical ascus. There is abso- 
lutely no evidence that the process is in the least similar to spore 
formation as found in the sporangia of the Oomycetes or in those of 
the Phycomycetes. The results obtained do not seem to throw the 
least light on the homology or origin of this peculiar organ. It 
apparently makes no difference whether less than eight spores are 
formed or more than eight, the phenomena of spore delimitation are 
exactly the same as found in typical eight-spored asci. 

That a true alternation of generations, comparable to that found 
in the higher plants, exists among the Ascomycetes, is certainly obvious 
from the fact that the asci eventually arise as the result of fertilization. 
DeBary ('70) advanced the opinion that the ascus fruit represents 
an asexual generation, and Woronin ('70) compared it to the spor- 
ogonium of the moss, which idea was farther emphasized by Harper 
('96) for Erysiphe. The only essential difference is that the egg is 
never separated from the parental tissue system, agreeing in this 
respect with that of the red algae. Harper also pointed out that 
the ascus is an analogue of the spore mother cell of the higher plants, 
and that the triple division corresponds to the double division in the 
spore mother cells of the higher plants, with a probable consequent 
chromosome reduction in the ascus. This view is further supported 
by the recent discoveries of Maire (:05), Harper (:05), and Guil- 
liermond ( : 05) on the nuclear phenomena in the ascus, by which 
reduction of the number of chromosomes and a consequent return 
to the gametophyte generally occur. These authors have found 
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that the first division of the ascus nucleus is preceded, by a well- 
marked synapsis phase, which the most recent zoological and botanical 
investigations have shown to be the most characteristic and impor- 
tant phase of the heterotypical division. -While Maire finds a synap- 
sis similar to that described by Strasburger (104), Harper and 
Guilliermond have found the phenomena to be essentially the same 
as in the pollen mother cells of the flowering plants studied by Gre- 
goire (104), Berghs (104, 105), Allen O04, :05), Rosenberg 
(105), Strasburger (105), Miyaki (:o5), Overton (105), Tisch- 
ler, (:o6), and Cardiff (:o6). Harper finds permanent central 
bodies in the nuclei of Phyllactinia, and that the chromosomes are 
permanently attached to the central body and are thus brought 
side by side in nuclear fusion. On this ground he concludes that the 
chromosomes are permanent structures, and that they must be bivalent 
in the nuclei of the young ascus, due to the earlier fusion of the sexual 
nuclei. These bivalent chromosomes, he holds, further unite in syn- 
apsis to form quadrivalent structures, consisting of four somatic 
chromosomes arranged side by side, thus accounting for a numerical 
reduction just as in the higher plants. Maire says that the first 
division of the ascus nucleus is heterotypical, while the second is 
homeotypical, which opinion Guilliermond also holds. Harper 
gives no opinion as to which are the reduction divisions. He has 
pointed out, however, the universality of the occurrence of the double 
division, following synapsis in the spore mother cells of all higher 
plants, as necessary to accomplish chromosome reduction, where the 
chromosomes are bivalent structures. I might also call attention in 
this connection to the elimination of the double division in embryo sac 
mother cells of parthenogenetic angiosperms, discovered by Juel ( : 00, 
:o5), Murbeck (:oi), Overton (104), and Strasburger (105), 
where reduction is not completed. 

Harper also points out that the universal triple division occurring 
in the ascus, no matter how many spores are to be formed, is probably 
to be associated with a quadrivalent character of the chromosomes 
in the ascus nucleus. Where one nuclear fusion occurs, as in most 
plants and animals, a double division is necessary to complete the 
reduction and to distribute the elements to the daughter nuclei; 
while when two nuclear fusions occur, as in Ascomycetes, a triple 
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division and a double reduction is necessary to accomplish the same 
results. This triple division of the ascus nucleus occurs universally, 
whether two spores, four spores, or eight spores are to be formed. 
Harper has pointed out how fundamental this triple division is, since 
when only two spores are to be formed, as in Phyllactinia, six nuclei 
degenerate. In such cases the three divisions constitute a single con- 
tinuous process. That all these divisions persist, no matter how many 
spores are to be produced, shows their necessity in the process of 
reduction. 

The work of Blackman (104) and his students (:o6) and of 
Christman (105) have established an undoubted alternation of 
generations in the rusts, showing that in these forms the series of 
binucleate cells originate as a result of fertilization. The gamete 
nuclei persist throughout the sporophyte generation as independent 
nuclei, dividing by a conjugate division. In the teleutospore these 
nuclei fuse, and a synapsis stage occurs, followed by a double division 
which leads to the formation of the four nuclei of the four sporidia. 
As Harper suggests, there is a striking parallelism between the teleu- 
tospore and the spore mother cell of the higher plants. He believes 
we are justified in regarding the first and second divisions in the 
promycelium as respectively heterotypical and homeotypical. As 
there is only one nuclear fusion in the life cycle of the rust, a conse- 
quent double division occurs in reduction. Maire (:<>5), finding 
in Galactinia that certain of the cells of the ascogenous hyphae which 
give rise to the asci are binucleate, holds to the conception that these 
binucleate cells correspond to those of the Basidiomycetes as well as 
to those of the rusts. There should be a series of binucleate cells in 
the sporophyte in all these groups, whose nuclei should divide by 
conjugate division, fusion first taking place in the basidium, in the 
teleutospore, and in the ascus, each of which would be comparable 
to the spore mother cells of the higher plants. This explanation 
does not explain, however, the universal occurrence of the third divi- 
sion, which is so general among the Ascomycetes, and which Faull 
has found to occur in the Laboulbeniaceae ; nor does it account for 
the apparently secondary nature of the fusions described by Black- 
man and Christman, as compared to those of the red algae, lichens, 
mildews, and Pyronema. It is certainly of great importance to know 
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how the ascocarps of Galactinia, Acetabulum, and Pustularia arise, 
and whether apogamy or parthenogenesis is associated with the appear- 
ance of binucleate cells in the ascogenous hyphae. 

The cells of the ascogenous hyphae of Thecotheus are not binu- 
cleate, and I am inclined to accept for this form Harper's interpre- 
tation that the asci are spore mother cells, modified by adaptation 
as explosive organs and as reservoirs of reserve food supply, in which 
a merely vegetative fusion has occurred to maintain a definite nucleo- 
cytoplasmic relationship. A triple division follows to complete the 
reduction and distribution of the somatic chromosomes to each of 
the resulting eight nuclei. The sporophyte would thus include the 
ascogenous hyphae and the asci up to the time of the reduction 
division, which initiates the gametophyte generation. 

In the typical ascus the nuclei of the eight spores contain the gam- 
etophyte number of chromosomes, as would also be true when only 
two or four spores are formed. When any of these spores germinate, 
they give rise to true gametophyte structures, usually a septate 
mycelium, which may reproduce itself asexually by conidia before 
sexual reproduction, as in Eurotium or Erysiphe. It is well known 
that many ascospores contain more than one nucleus, and, as Faull 
and others have shown, these nuclei are formed by mitotic division 
of the primary spore nucleus. The spore may be septate or non- 
septate. The typical ascospore is uninucleate and non-septate. 
Both the number of nuclei and the number of septa in a spore vary 
from one to many. Spores which are septate have apparently begun 
an intrasporal germination, the gametophyte forming considerable 
embryonic tissue within the old spore wall. Spores which are not 
septate but multinucleate have also undergone embryonic develop- 
ment, but without cell division. 

We perhaps should expect from what we know of other Ascomy- 
cetes that in many-spored asci, as in Thecotheus and Ryparobius, 
spores would be delimited as soon as eight free nuclei were formed. 
This does not occur in either of these forms, but further nuclear divi- 
sions take place before the spores are delimited. A closer analysis, 
however, shows that we have analogies for these conditions in the 
behavior of other undoubted spore mother cells. Intrasporal germ- 
ination may be looked upon as comparable to that which occurs in the 
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spores of many of the pteridophytes and spermatophytes. The spore 
not only begins its germination while inside the sporangium, but while 
it is still inside the mother cell. The ascus is not only to be looked 
upon as a mother cell, but also as a mother cell which functions 
directly as a sporangium. The prevalent impression is that the history 
of the gametophyte begins with the division of the mother cell and 
ends in the act of fertilization. The ordinary product of the division 
of the spore mother cell is four spores, or in typical Ascomycetes 
eight spores. In L ilium the first mitosis of the mother cell is hetero- 
typical, while the second corresponds exactly in all details to the 
second division where normal tetrads are to be formed. We have 
here a double division completed inside the mother cell, and con- 
sequent germination to form a gametophyte inside the mother cell. 
It does not seem inconsistent, therefore, to think of a mother cell 
containing a gametophyte, or that the reduction divisions may not 
give rise directly to morphological spores. These nuclei are game- 
tophytic in character and can give rise to gametophyte structures in 
the embryo sac. It is not absolutely essential, therefore, that the double 
division result in spore formation. Juel ( : 00) found that in Carex 
acuta the usual double division occurs in pollen mother cells, com- 
plete cell plates being formed which are later resorbed, so that four 
nuclei lie inside the wall of the mother cell, three of which disin- 
tegrate, the fourth forming a single functional microspore. In Fuchsia 
(Wille '86) as many as fourteen microspores have been reported 
from a single mother cell, while more or less than four have been 
found in several other forms. Strasburger and Juel have also 
counted numerous microspores formed from a single mother cell. 
It would appear, therefore, that the double division is necessary, 
but that the number of spores ultimately formed is very variable. If 
in Fuchsia the walls of the microspores were eliminated, a striking 
resemblance to the sixteen-nucleate stage of Thecotheus would result. 
The number of spores formed and the time of their formation seems 
to be very variable, but this does not interfere with our conception of 
the alternation of generations in the flowering plants. That thirty- two 
free nuclei are formed in Thecotheus before spore delimitation occurs 
is therefore no more striking than that tetrads are not formed as a 
result of the double division in Lilium, or that more than four micro- 
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spores are formed in certain angiosperms. It may well be that all 
the conditions mentioned represent mere adaptations. 

In the lichens many-celled spores occur, which are at first always 
uninucleate ; for example, those of Endocarpon. The embryo gameto- 
phyte is formed in the spore, which continues its growth when condi- 
tions become favorable. Each cell, however, of the multinucleate 
septate spore gives rise to a filament when the spore germinates. 
Each cell of a septate spore is comparable to a spore of Thecotheus, 
in which walls have not been formed until the nuclear divisions 
have been completed. Germination occurs in the one case before 
spore delimitation, and in the other case after spore delimitation. 
In either case, after eight nuclei are formed we are dealing with 
gametophyte structures. It is a matter of indifference when germina- 
tion occurs, or when spore delimitation takes place, so long as the 
triple division has occurred. The time of spore formation is a matter 
of adaptation to conditions, but the essential nature of the process seems 
to be the same in all genuine members of the group of Ascomycetes 
so far studied. 

SUMMARY. 

1 . The fruit body of Thecotheus is formed from several ascogonia 
and is therefore a compound apothecium. 

2. The ascogenous hyphae arise from any or all of the cells of the 
ascogonium, and consequently the cells of the ascogonium are not 
connected by perforations through which the nuclei pass to enter the 
ascogenous hyphae. 

3. The ascogenous hyphae do not in this case constitute a synkaryo- 
phytic system. 

4. The asci arise from the subterminal cells of the recurved tips 
of the ascogenous hyphae, which cells are binucleate, 

5. The ascus nucleus is formed by the fusion of these two primary 
ascus nuclei. 

6. The ascus nucleus divides by triple division to form eight free 
nuclei, each of which after a period of rest and growth undergoes 
further division until thirty-two free nuclei are formed in the ascus. 

7. Spore delimitation follows the process described by Harper. 

8. Each spore is uninucleate from the start, no nuclear divisions 
or septa being formed. 
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9. The exospore is laid down not from the epiplasm but by deposi- 
tion from the outer layer of the sporeplasm. 

10. No evidence has been found to support the theory that the 
ascus is homologous with the sporangia of either the Oomycetes or 
the Phycomycetes. 

n. The formation of the large number of spores is evidently an 
adaptive phenomenon, and does not interfere with the conception that 
the ascus is a spore mother cell. 

University of Wisconsin, 
Madison, Wis. 
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EXPLANATION OF PLATES XXIX AND XXX. 

All drawings were made with the aid of a Bausch and Lomb camera lucida, 
together with a Bausch and Lomb tV oil-immersion lens. Plate XXX has been 
reduced one-third in reproduction. 

PL A TE XXIX. 

Fig. 1. Section of young ascocarp showing portions of ascogonia, whose 
cells are already multinucleate. 

Fig. 2. Median section of an older ascocarp showing ascogonia, young asco- 
genous hyphae, and paraphyses. 

Fig. 3. Median vertical section showing structure of a nearly mature ascocarp. 

Fig. 4. Section showing young ascogenous hypha; the terminal cell is uninu- 
cleate and the sub-terminal cell, which is to form the ascus, is binucleate. 

Fig. 5. Young ascus showing fusion nucleus with two nucleoli. 

Fig. 6. Portion of an ascus at time of spore delimitation, showing nuclear 
beak with a system of astral rays; a young spore is also shown, whose plasma 
membrane is completed. 

PLA TE XXX. 

Fig. 7. Young ascus showing primary fusion nucleus with one nucleolus. 
Fig. 8. Ascus with two nuclei. 
Fig. 9. Ascus with four nuclei. 
Fig. 10. Ascus with eight nuclei. 
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Figs, na, nb. Two sections of the same ascus, showing sixteen free nuclei, 
each of which will undergo another division to form thirty-two free nuclei. 

Figs. 12a, 12b, 12c. Three sections of the same ascus showing thirty-two 
young spores; fig. 12a, which is a median section, shows the arrangement of the 
spores about the ascus wall. 

Fig. 13. Young spore showing early formation of spore wall. 

Fig. 14. Still older spore showing spore wall farther advanced. 

Fig. 15. Mature spore showing spore wall, terminal pores, cytoplasm, and 
nucleus. 

Fig. 16. Terminal portion of a nearly mature ascus showing operculum. 
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